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By Fred A. Wilcox and Bphraint M. Howard 

An investigation  to determine the performance of a Btnnblebee 
18-inch ram Jet  incorporating a rake-type flamer holder was om- 
ducted using kerosene am3 propylene oxide a8 fuele. Eqerimente 
were perfomed in the Clevelaml a l t i t d e  wind tunnel at approxi- 
mte pressure  altftudes from 20,000 t o  35,000 f e e t  and at ran- 
pressure r a t i o s  equivalent to stlperaonic f'ree-stream M8ch nmbers 
over the operable range of fuel-a€r ratios.  

> 

Use of propylene  oxide fmproved the  &ability of combustion, 
increased the operable range of fuel-air ratios,  azrd allowed 
ign i t ion   a t  higher values of combustion-chamber-inlet velocitiee. 
A t  a fuel-air r a t i o  of abotlt 0,070, the cmibustion efficiency was 
raised frcm a value of approximately 57 percent t o  a value of approxi- 
mately 85 percent when the fuel wae changed from kerosene to 
propylene  oxide. The higher fuel-air ratios and combustion eff i -  
ciencies  attainable with propylene  oxide, compared with those 
attainable  with kerosene, resulted in generally higher values of 

with no appreciable change in specific fuel ooneumptlon. 
total-temperature  ratio, net thrust, and net-thrust  coefficient 

An investigation was conducted in   t he  FEACA Cleveland al t i tude 
wind tunnel  to  deternine the operational performance of a Bmiblebee 
18-inch ram Jet equipped with  varioua flame holders at  high al t i tudes 
and ram-preeeure r a t io s  equivalent t o  supersonic  free-etream Mach 
numbers. The flame holders, were developed as a part of the Bureau 
of Ordinance, Department of the Navy,  Bumblebee project snd were 
proven satisfactory d u r w  eea-level investigations  (reference 1). 
Inaemuch ae the di f f icu l t ies  encountered in free-flight  inveetiga- 

at high al t i tude,  a detailed investigation was made i n  the Cleveland 

and equivalent  free-stream Mach nuniber. 

t t i ons  preclude a detailed  study of combustion-chamber performnce 

.) a l t i tude  wind tunnel under controlled  coditions of pressure  altitude 



Altitude perforntance data f o r  the  best  configuration employing 
a --type flame holder a r e  presented In reference 2. Perfonnance 
data for  the  best rake-type flame holder are  presented  herein  for 
a range of pressure altitudes from 20,000 t o  35,000 feet  ami equi- 
valent free-stream k c h  number8 from 1.03 t o  1.43. Moet data were 
obtained with kerosene as fuel, but 8ome data were obtained  with 
propylene oxide. 

Combustion-ohamber performance data a r e  preeented In terms of 
combustion effioiency and gas total-temperature ratio  across the 
engine as  funotlone of the cambution-chamber-inlet variables of 
fuel-air  ratio,  velocity, and preesure.  Over-all  ram-jet perform- 
ance is presented in  term8 of parameters that generalize  the  reeults 
t o  any desired operating  condition i n  accordance with the methods 
presented in  references 4 and 5. 

The Bumblebee 18-inch ram j e t  wed i n  the investigation was 
mounted above a wing that extended acroes  the 20-foot-diameter t ea t  
section of the Clevelaaa altitude w i n d  tunnel (fig. 1). Air that 
was thro t t led  from approximately eea-level pressure to   the  desired 
t o t a l  pressure at  the dfffueer in le t  was directly supplied t o  the 
ram jet through a pipe from the wind-tunnel make-up alr  eyetem. 
The temperature of the  inlet  air was maintained at  140’ f LOo F 
t o  approximate the stagnation  tanperaturea that would be obtained 
at the equivalent fYee-stream Mash numbers inveetigatd.  A elip 
joint with a labyrinth a l r  seal was attached t o  the dlffueer  inlet  
i n  order t o  obtain thrust measurements with the wind-tunnel balance 
system. Inasmuch a8 the engine exhausted directly  into the  t ee t  
section,  various ram-pressure ratios  across  the engine were obtained 
by varying the pressure altitude i n  the tunnel or by throt t l ing the 
inlet a i r .  

The ram jet coneiste of a subsonic diffwer containing a center 
bcdy and a water-cooled ccanbuetion chamber (reference 2).  The dif- . 
fueer hae an 11.5-inch-diameter in le t ,  a diffueer r a t io  of 1.64, 
and an over-all length of 9.54 feet. Attached t o  the d i f f b e r  waa 
a constant-area oombuation chamber having a diameter  of 18 inches, 

the outlet. The combuation chamber  wae cooled by water  circulated. 
through passage8 made by welding U-channels of Inconel around. the 
outer  surface. 

. a length of 5.62 feet, and a res t r ic t ion   to  a 17.5-inch dismeter at 
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The fuel-distributor syetem (fig. 2)  was located in the   rear  
section of the dif‘fuser center body approximately 35 inches forward 
of the downstream end of the flame holder. This syetem oonsieted 
of two fuel patterme,  designated 1 and 4 by the Applied Physics 
Laboratory of the Johns Hopkine University. These patterns were 
alternately spaced around the ram-jet center body facing in an 
upetream direction. The locatione of the point6 of injection  for 
the two fuel patterns are  given in figure 2. Fuel psttern 1 gave 
a mixture that was r ich toward the oenter of the difAzser annulue 
and spread out over a range of radii .  Fuel pattern 4 diacharged 
the fuel i n  a narrow b a d  at radii elightly  larger than the mean 
area radiue of the d i m e r  annulu~. The fuel-injector tube8 herd 
orif ice  diameters of approximately 0.188 inch. A drop in fuel 
pressure of f’rcuu 12 t o  20 pounds per aquare inch wae maintained 
across  the eyetern for the.range of fuel flows used by me- of the 
variable-orifice-area plunger  valve  deecribed in reference 3. This 
system provided a relatively uniform distribution of fuel t o  the 
injectors over a wide range of fuel flaws with amall changes i n  
fuel-injeotion  preseure. 

A vortex-type p i lo t  burner attached to   t he  dowmtream end 
of the diffuser center body w a s  used t o  ignite the fuel (ffg. 3). 
Air was supplied from the d i m e r  through two air ducts built  
into  the  center body. Thie air waa dieoharged into the   pi lot  
burner  through two 45O pipe elbowe, which imparted 8 vortex motion 
to   the  air. 

The p i l o t  conibuetion  chamber consisted of a truncathd cone 
16 inches long that expa-ed i n  diameter frcm 6 inches at the 
upstream end t o  7 inches a t  the dovnetream end. Fuel was supplied 
through a commercial spray nozzle, whioh was operated at approxi- 
mately i te  rated  delivery of 21.5 gallone per hour at a preseure 
of 100 pounds per square inch. The fuel-air m i x t u r e  i n  the p i lo t  
was ignited by a spark plug. A tube through which hydrogen could 
be injected was included t o  a id  ignition. 

The flame holder, which w a s  f i t t ed   t o   t he  downatream end of 
the pilot combustion chamber as shown i n  figure 4, consisted of 
six  flared-tube  rakes  Interconnected with gutters. A photopaph 
of this  flame holder after operation i e  ehown in figure 5. Three 
alternate rake8 were connected t o  a center  tube, which fitted over 
the  pilot  combustion chamber, by gutter8 t o  provide a channel i n  
which the flame could t ravel  outward f r o m  the p i lo t  burner t o  the 
rakes. 



I n  order t o  obtain  better s t a r t i n g  charscteristioe and a wider 
range of pi lot   s tabi l i ty   than afforded by kerosene,  propylene  oxide 
was used a8 pi lo t  Fuel. Both AN-E'-32, hereinafter designated kero- 
sene, and propylene oxide were inveetlgated 88 fuels in the main 
burner. Same properties of each fuel are given in the follcnring  table: 

Heating value, Btu/lb 
Approximate etoiohio- 

metric fuel-air 
r a t i o  

Speoifio  gravity 
Boiling point, OF 

Flash  point, 

Kerosene 
AN-F-32 

Propylene 
oxide 

18,500 

0.068 

50-percent 
point, 362-382 

110 

0.792-0.835 

13,075 

0.105 
0.831 

93 

-35 

A i r  f low through the engine was calculated from measurements 
of t o t a l  and static pressures and indicated temperatures obtained 
with survey rakes mounted i n  the diffu8er inlet. Cambuetion- 
chamber-inlet velocities were ccpnputed from air flow and w a l l  
e ta t ic  preeeuree measured at the ccanbuetion-ohamber inlet. Fuel 
flms t o  the main burnsr and the pi lo t  burnsr were determinsd by a 
rotameter and by the pressure drop aaross  the  pilot  fuel nozzle, 
~ ~ 3 p 0 C t i V 0 l ~ .  In all ccenputatione, fuel t o  the pi lo t ,  as well as 
the main burner, was inaluded. As an alternate for the w i n d - t u n n e l  
balance system, jet thruat wae calculated from measurements of total 
and static  pmseures  obtained from a water-oooled cceibuetion- 
chamber- outlet rake. 

Combustion-efficiency, gas-total-temperature-rise, mil. engJne- 
performance parameters were computed by the method8 outlined in 
refBlrences 4 axd 5 .  Heat loss t o  the canbustion-ohamber cooling 
water was accounted for i n  the  calculation of o d u e t i c n  effioienoy. 
This heat loas was aomputed from water-flow and temperature-rim 
meaeurexuente. The pressure loss  that would ocour aorcm a nornral 
shock a t  the throat of a cowergent-divergent diff'user of optimum 
contraation  ratio wtm added t o  the measured diffuser total pres- 
sure t o  obtain the equivalent free-atream t o w  pressure from which 
the equivalent free-stream Mach nrrmbers were computed. : 

Total-preseure lossee aoro8s the  diffuaer were measured with- 
out fuel injection by means of a rake at the  diffuser  inlet  and a 
rake loaated domatream of the fuel injector. Flame-holder total- 
pressure lossee were detglmlned from t o w  preeeuree meaeured with 
the rake behind the fuel injeotor and the oombuetion-chamber-outlet 
rake. 

f- a 
Ql 

. 
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Data were obtained  wtth kerosene at  an approximate preseure 
al t i tude of 30,000 feet  over the operable of ca%ustion- 
ohamber-inlet etatic  pressures and fuel-air  ratios. In  addition, 
two data points were obtabed wtth kerosene at a pressure altitude 
of approximately 35,000 feet  and with reduced combustion-chamber- 
inlet s t a t i c  preseure. Wlth propylene oxide, two data points were 
obtained at  an al t i tude of approximately 20,000 fee t  and one point 
at approximately 30,000 feet .  When poeeible, lean and r ich  blow- 
out pointe were determined for each fuel. 

A 

cF 

Fn 

f b  

M 

P 

AI? 

P 

9 

T 

v 

wa 

Wf 
8 

cross-sectional area, equare feet  
F- 

net-thrust  coefficient, - G3 
Jet  th rus t ,  pounds 

net t h r u s t ,  pounde 

fuel-air r a t i o  

Mach number 

t o t a l  pressure, pounde per aquare foot absolute 

t o t a l  pressure drop, poudir per square foot 

s t a t i c  pressure, pounda per square foot absolute 

dynamio preseure, pourads per square foot 

t o t a l  temperature, OR 

velocity,  feet  per second 

air flow, pounds per second 

fuel  flow, pounds per hour 

r a t i o  of absolute tunnel ambient-&* pressure to abeolute 
s t a t i c  preasure a t  NACA a t a d 6 r d  atmospheric  conditione 
at eea level, p d 2 l l 6  
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q over-all efficiency, percent 

qb combustion efficiency,  peruent 

8 r a t i o  of' absolute  total  temperature a t  diffueer inlet t o  abeolute 
e ta t ic  temperature at RAGA staIldard atmospheric corditions 
at aea level, T1/519 

7 r a t io  of abeolute t o t a l  temperature a t  combustion-uhamber out- 
l e t  t o  absolute  total temperature a t  diffuser inlet, T4/T1 

Subscripts : 

0 equivalent  free-stream  corditione 

1 subsonic diffuser inlet 

2 d i f  fueer outlet  and combuetion-chamber inlet 

4 canbution-chamber outlet  

3 erhauat Jet at smbient preeeure (p3 = po) 

Ram-Jet performame data obtained over the operable nmge of  
fuel-air ratio6 and with two fuels for comb~tion-chamber-outlet 
conditione at or near choking are presented. The ranges of f'uel- 
air r a t io  f/a and ccuibuetion-chamber-iet static preeeure p2 
and velocity V2 over which the engine was operated are sham in 
table I. 

The blow-out data &own in table I represent the minimuan and 
maximum f/a at which'oanibuetion could be maintained in the engine. 
"he ranges of M e t  conditions ov8r which the blow-out data were 
obtained are ehown  by the  values of p2 and V2 in table I. With 
keroelene as the fuel,  the  operable range of f/a narrowed a8 p2 
wae reduced from 1922 to 1000 pound6 per square foct  absolute. At 

' t h i e  lower p2, lean and r ich  blow-out points were almos~.coinoident. 

For the range of ocmbustion-chamber-inlet conditione'investi- 
gated, the operable range of fuel-air ratfoe w i t h  propFlene oxide 
as 8 fuel and the range of percentage  stoichiometric f'uel-air r a t io  
were wider than  with kerosene. No additional data were obtained 



with propylene  oxide became of the  limited  quantity of fuel avail- 
able. A t  maximum pz, the  r ich blow-out limit could  not be obtained 
with propylene oxide because the fuel plrmp wed could  not deliver 
the fuel ratee required, 

Operation wae astiefactory over the  entire operable range of 
fael-air   ratioe  for each fuel. Use of propylene oxide inrproved 
s tab i l i t y  of combuetion, increased  the  operable  range of f/a, and 
permitted  ignition at higher V2. 

Ram-Jet Combustion Performance 

The relatione between conibuetion-chamber parameters, coanbuetion 
efficiency 12, ~ 2 ,  p2, gae total-temperature r a t i o  T, and f/a, 

presented as functions of f/s. Value8 of V2 a t  which the data were 
taken are indicated for the data pointe. Conibaetion effi- 
cienciee cibtained with propylene oxide were higher than thoee obtained 
with keroeene. At an f/a of about 0.070 and V2 of approximately 
240 feet  per secopd, qb wae raiaed from an approximate value of 

from keroeene t o  gropylene oxide. Over the range of f/a inveeti- 
Wted for  both f’uele, Q, decreased 8s f/a increaaed. At a con- 
stant value of f/a, the  value of 7 obtained with both fuel8 vaa 
approximately the eame. Higher value8 of 7 were obtained  with 
Propylene  oxide than with kerosene beoame burning with high com- 
bustion  efficiencies was maintained at hlgher f/a. , 

are preaented in f i v e s  6 t o  8. h figure 6, qb and 7 &re 

P 

I 57 percent t o  a value of  about 85 peroent when the fuel waa changed 

With kerosene at approximately  constant  value8 of V2 snd f/a, 
variation8 in p2 appeared t o  have little effect OR over the 
range of p2 for which data at constant V, and f/a were obtained 
(fig. 7). Thie effeot is aimibxr to  results  reported in previous 
inveetigatione  (refemnoes 2 and 6 ) .  

Inaauch be p2 had negligible effect on qb over the  range 
investigated, the data in figure 8,  which show the effects of v2, 
were selected only for  constant f/a. A t  an f/a of 0.068, qb 
decreased f r o m  a value of about 63 percent t o  a value of 54 percent 
as Vz wa0 raieed from 230 t o  247 feet  per eeoond. Thie decreaee 
in wae preeumably due t o  the reduced time available  for combue- 
t i on  with increased V2. A t  a V2 of approx-tely 246 feet  per 
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second, q,, was reduced from a value of about 64 percent t o  a value 
of about 54 percent when the f/a was increased from 0.058 to  0.068. 
The main a w e  of this decrease in qb was believed t o  be local  
overenrichment of the fuel-air mixture. 

Ram-Jet Over411 Performance 

Ram-jet over-all p e r f o m e  parametere a r e  presented as func- 
tione of equivalent  free-stream Mach number % i n  figures 9 t o  16. 
Jet   thruat F and Je t  thrust reduced t o  HACA standard atmospheric 
conditions a t  ma level, F J / ~  are Shawn In figure 9. Approximate 
pressure altitudes at which the data were taken are shown i n  fig- 
ure 9(a). A t  constant %, Fj increased ae the preeeure a l t i tude  
was redwed. Both F3 and FJ/8 increaeed a8 % was raiaed. 
A single  ~ u r v e  bas been faired through the FJ/S data for both rake 
ami ecale meaeuramente. 

Reduced net thrust FJS and net-thruat  coefficient Cg are 
Shawn in figure 10. Both F& and CF increaeed with increasing 
% and also with increasing T. The higheet value of FJ8 reached 
in the inveettgation (3890 1%) was attained at an Mo of 1.42 ardl 
a t of 5.1  with propy3ene oxide a B  the  fuel. A t  t h i s   cod i t ion ,  
the  value of CF was 0.733. A t  an Mo approximately equal t o  1.1,. 
Cp was increased f2-m an approximate value of 0.47 t o  0.64 by 
increasing the value of t from 4.4 t o  6.0. Inasmuch as the u8e 
of propylene  oxide permitted the attainment of higher values of f, 
higher valuee of Fn/8 and CF oould have been obtained at high 
% i f  more propylene oxide h8d been available. 

The trend8 in reduced air specific impulee with variationa  in 
% or 7 (fig. 11) are similar t o  those in  Fn/B and CF (fig. 10). 
A t  a oonetant verlue of 7 ,  the reduced sir egecific impulse increaeed 
ae % was rated.  The maximum value of reduced air ~ p e c i f i c  impulse 
obtained WBE 48 pounds net thrust per pound air per second; this 
value was obtained at the same conditions  as the maximum FJ8 and 
CF. A t  an kf, of approximately 1.1, the reduced air epecific impulse 
wae increaeed from about 26.5 t o  about 42.5 pounds net thrust per 
pound air flow per second by raising the value of 7 f r o m  4.4 t0 
6.0. 

I 
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Data for the specific fuel OcDls~tioOl reduced t o  aea-level 
c a d i t i a s  axe shown in figore 12. Inaamuch ae eeveral curve8 of 
cmetant qb and 7 would be required fo r  each fuel to   correlate  
the data, these curves m e  omitted for c la r i ty  and the values ai qb 
and 7 are noted beside the points. AB Mo increaeed, the specifLo 
fue l  cmsumptian reduced t o  sea-level canditiw decreased. Became 
of the  higher  heating  value of the kerosene, no appreoiable differ- 
ence was obtained bettreeathe values of the -KC& epeclfio  fuel 
con~umption8 for the two fuela. QTI L volumetric basis,  the reduced 
specific fuel caneumptians would be nearly equal for the two fuels 
becauee of their neurly equal dmeit ies .  

Over-all efficiency and ideal over-all  effioiency are shown in 
figure 13. AB in the case of specifio fuel ooneumptiapl reduced to 
sea-level  caditions,  over-all-efficienoy m e a  at conetant qb 
and 7 for each fue l  are not  presented. These data  were generalized 
t o  one curve of ideal over-sll  efficiency (fig. 13(b) ) by method8 
outlined in reference 5. A8 MO w8a raised, the  over-all  efficiency 
increased over the range inmetig8ted. The hlgfieet over-all effi- 
ciency (10.4 percent) -8 obtained at  the 8- o a d i t i m s  88 the 
maximum. F&, %, and reduced air apecif LC impulse . A t  an & 
of about 1.43, the over-all  effioiency was raised Aum a value of 
about 8.0 percent t0 8 value of about 10.4 percent when the   fue l  wae 
changed i r c r m  kerosene t o  propylene oxide. This inoreaee  primsrily 
reml ted  f r a n  the improv6d ccanbusti-on efficiency- 

Exhaust-jet Maoh number I$, and canbustion-chamber-inlet Maoh 
lumiber psrameter blz&i eLFe presented i n  figures 14 and 15, respect- 
tively. Cambuetion-chamber-outlet choklng Mj >, 1 occurred a t  % 
equal t o  o r  greater than approximstely 1-20. Over the range investi- 
gated, Ms increased in  an almost linear manner with %. The 
vaue  of % $i M an essentially oonetant value of approximately 
0.445 over the range of Mo investigated. 

The total-pressure  ratio  across the eng€ne Pj/Po is presented 
in figure 16. The esaentially conatant  relation between P j/Po and 
% was obtained because the ram Jet wae opemted at  or near combustion- 
chamber-outlet choking conditio-. Inoluded in  PJ/Po is the aeswned 
supersonfc-diffueer-recovery r a t i o ,  whfoh is 0.99 a t  an % of 1.40. 
Discussions and evaluatione of the various typea of preseure loss in 
ram Jets  are  given in references 5 and 7. 

Measured total-pressure-drop coefficients, expressed as the   ra t io  
of total-pressure drop t o  impact pressure at the  odwtion-ohamber 
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inlet, were obtained f rom drw studies  without  combuetion  across the 
eubsonic  diffuser with  the fuel injector in place arad acroes  the 
flame holder  and the  combuation chamber. These coefficients a r e  pre- 
sented in figure 17 as functions of the  canbustion-chamber-inlet Mach 
number piz. The total-preesure-drop  coefficient  for  the  eubsonic  dif- 
fuser increased with % f r o m  a value  of  about 1.5 at % of about 
0.07 to  a  value of approximately 2.2 at an % of about 0.30. Over 
the  eame range of %, the total-preesure-drop  coefficient  acroee the 
flame holder and the ccmibuetion  cheniber wae  approximately comtant at 
about 1.45. 

SUKMARY OF BEmTLTs 

The following  results were obtained fl-cpn an investigatfon of 
a  Bumblebee 18-imh ram  Jet  equipped  with a rake-type flame holder 
and operating  at  preeeure  altitudee f r o m  approximately 20,000 to 
35,000 feet and at  ram-pressure  ratios  equivalent to supersonic 
free-stream Mach numbers with  kerosene ami propylene oxide ae fusls: 

1. An improvement in cmbuetion efficiency waa noted when 
propylene  oxide was sllbetituted for keroeene as the fuel. At a fuel- 
air  ratio  of  approxLmately 0.070, t h e  combustion  efficiency wee raised 
from a value of approximately 57 percent to a  value of about 85 per- 
cent when the fuel wae changed from kerosene to propylene oxide. At 
this fuel-air ratio,  approximately equal valuee of &a0 toted-temperature 
ratios across the engine were obtained. 

2. The uae of propylene oxide in place of kerosene  Improved  the 
stability of colribuetion,  permitted ignition  at  higher  valuee of 
ccmibuetion-chamber-inlet velocitiee, and increseed the range of fuel- 
air  ratios  at  which  combuetion could be maintained. Higher value8 of 
fuel-air  ratio and ccanbuetion  efficiency attainable w i t h  propylene 
oxide resated in generally higher  values of &a0 total-temperature 
ratio,  net  thmxet,  and  net-thruet  coefficient. 

3. Valuee of epecifio fie1 uoslsumptlm reduued to eea-level ucm- 
ditlcm obtained with kerosene, and with propylene oxide were h a p -  
preoiably different becauee of the higher heat- value of ksroeane. 

Flight  Propuleion  Reeearch Laboratory, 
National  Advisory  Committee for Aeronautics 

Cleveland,  Ohio. 
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Fuel pattern 1 Fuel pattern 4 

Fuel 

Figure 2. - Schematic diagram of fuel-diatributor eyatem sharing locat ions of injector 
tube a. 
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(a) Combustion  efficiency. 
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Fuel-air  ratio, f/a 

(b) Gas total-temperature  ratio. 

Figure 6. - Effect of fuel-air ratio-on combustion  efficiency and 
gas  total-temperature  ratio. Combuation-chamber-inlet static 
presaure, 1193 to 1955 ounds er s uare  foot  absolute; 
combustion-chamber-inlei  velocfty, 812 to 260 feet per second. - 
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Figure 7. - Effeot of combustion-ohamber-inret s ta t i c  greseure on 
uontbustion effioiencg.  Fuel, kerosene. 

" 

220 230 240 250 260 270 
Combuetion-ohamber-inlet velocity,  V2, ft/sea 

Figure 8. - Effect of  oombustion-ohamber-inlet velocity on  oombustion 
efficiency. Combustion-chamber-inlet static preaaure, 1195 to 1913 
pounds per square f o o t  absolute; fue l ,  kerosene. 
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(a) J e t  thrust. 

Figure 9. - Effec t  of equivalent free-stream Mach number on j e t  
thrust and reduced j e t  thrust. - 
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(a) Net  thrust  reduced  to NACA standard atmospheric 

conditions  at sea level. 

(b) Net-thrust  coefficient. 
Figure 10. - Effects of equivalent free-stream Mach number and gas 

total-temperature  ratio on reduced  net  thrust and net-thrust 
coefficient. - 
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Figure 11. - Eftso ts  o r  equivalent  free-stream Mach number and gaa total- 
temperature ratio on air  apeclfic impulse reduced t o  H15CA standard 
atmospherla oonditlona at aea l eve l .  
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Figure 12. - Effeet of equivalent free-stream Mach number on specific 
fuel conamption reduced to NACA standard  atmospheric  conditions  at 
sea level. 
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Fuel 
0 Keroaene (combus tion-chamber-outle t rake data) 

Kerosene (rind-tunnel balance  data) 
0 Propylene oxide (rind-tunnel balance  data) 
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(a) Over-all sfriofenay. 

(b) Ideal over-all efficiency. 
Figure 13. - Effeot or equivalent rree-stream Mach ntmber on over-all 

effioiency and ideal over-all  etiiciency  parameter. 
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Fuel 

0 KerOs0~18 (combustion-chamber-outlet rake  data) 
Kerosene (wind-tunnel balance data) 

0 Propylene oxide (rind-tunnel balanoe data) 
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Figure 14. - Effect of equivalent free-stream Mach number on 
exhaust-jet Mach number. 
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Figure 16. - Effect of equivalent free-stream Maah number on 

Equivalent  free-stream Mach number, Mo 

Figure 16.  - Effect of equivalent free-atream bfach number on ratio 
of exhaust-jet  total preaaure to diffuser-inlet  total preasu~e. 
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(a) Flame-holder total-pressure-drop  coefficient. 

. 
Combustion-chamber-ifilet Mach number, M2 

(b)  Diffuser total-pressure-drop  coefficient. 

Figure 17. - Effect of combustion-chamber-inlet Mach number on 
flame-holder and diffuser  total-pressure-drop  coefficients 
without combus t fon.  
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